Background {#Sec1}
==========

The success of treatments for diseases caused by defective genes depends heavily upon progressive scientific research carried out by the scientific community. Over the past few decades, scientists have established strategies for identifying these genes in an effective and less expensive manner, such as by collecting as much biological and genetic information as possible to understand interactions between genotypic and phenotypic information \[[@CR1]\]. Therefore, the need for a central organization that collects and stores numerous biological samples for use in research is crucial for meeting the demands of the researchers involved. In many countries, such an organization is called a biobank, defined as a collection of human biological samples stored and regulated for use in scientific studies by connecting samples to phenotypic and demographic data of the donors \[[@CR1]\]. The main purpose of establishing a biobank is to link these information sources and make them accessible for various research projects aimed at enhancing the understanding of medical conditions, including their diagnosis, prevention and treatment \[[@CR1]\].

It was reported in 2012 that more than 600 biobanks were in service in the United States, with the number of specimens stored in corresponding biobanks ranging from ten to over fifty million in the following year \[[@CR1]\]. Concurrently, more than 400 biobanks have been operating across Europe since 2009 \[[@CR2]\]. By 2017, the biobanking market globally was valued at \$47,062 million and is predicted to reach \$68,084 million by the year 2025 \[[@CR3]\]. In Malaysia, the first biobank initiative known as "The Malaysian Cohort" was approved by the Malaysian cabinet in 2005. It involves the operation of a rich database of information and biospecimens that serves as a platform for studying the roles and interactions of genes, the environment and lifestyle patterns \[[@CR4]\]. Through this effort, comprehensive human samples have been collected from more than 100,000 donors in Malaysia. Additionally, approximately another 39 assisted reproductive technology (ART) clinics and several tissue-specific-based biobanks have been established \[[@CR5]\].

In most cases, biobanks usually amass and store tissue specifically for research purposes, which often includes residual samples drawn from patients over the course of clinical care. Amongst the common samples stored are serum (plasma) and solid tissue specimens; however, some biobanks also maintain peripheral blood cells or bone marrow, cord blood derivatives, pathological body fluid, cell lines, saliva, urine, stools, hair and toenails \[[@CR4], [@CR6], [@CR7]\]. Prior to collecting the samples and data, participants undergo a baseline interview on their lifestyle, medical history and demographic information \[[@CR4]\], while other physical assessments are conducted \[[@CR6]--[@CR8]\].

Two types of consent procedures are applied with regard to the inclusion of residual tissues in a biobank: opt-in and opt-out schemes. In an opt-in scheme, a person explicitly expresses his or her consent, while in an opt-out scheme, inaction is treated as a sign of consent \[[@CR9]\]. The opt-out scheme assumes that the subject's enrolment in a biobank (by having their samples taken), usually during a healthcare visit, denotes consent \[[@CR10]\]. Mancini et al. \[[@CR11]\] reported that the opt-in consent procedure has been positively perceived by most cancer patients in France. Furthermore, the opt-out scheme offers several advantages relative to the opt-in scheme, such as lower costs of operation and the scientific advantage of establishing sufficient numbers of samples to generate scientifically valid results \[[@CR12]\]. However, the main issue surrounding the opt-out scheme concerns the possibility of using samples from the public without their knowledge and, potentially, against their will \[[@CR12]\]. Furthermore, the opt-out scheme may create issues related to consent for researchers. Consent is viewed as a means of protecting researchers. Not obtaining explicit consent from the research participants or patients may partially limit researchers' liability \[[@CR12]\]. In addition, another cost-effective form of consent, broad or blanket consent, allows the researcher to use samples for research without re-contacting the donor prior to conducting research \[[@CR13]\].

Although biobanking has been positively viewed by the public in many countries worldwide \[[@CR14]--[@CR22]\], Gaskell et al. \[[@CR16]\] reported that the public in Central and Southern European countries maintain substantial reservations. Moreover, the public in several Islamic countries, such as Jordan \[[@CR14]\], Saudi Arabia \[[@CR15]\] and Qatar \[[@CR18]\], are supportive of biobanks. Public concern regarding biobanks has been reported to centre on issues related to the protection of biological samples and personal information \[[@CR23]\]. However, in most cases, such concerns do not hinder public support and willingness to participate in biobanking \[[@CR20]\]. Other attributes, such as confidence in the key actors \[[@CR16], [@CR24], [@CR25]\] and institutions involved in the biobanks \[[@CR16], [@CR26]\], have been shown to influence public attitudes towards biobanks to a greater extent. On the other hand, respondents who expressed their support for biobanks do not necessarily confirm that they would participate in such a project since participation and support are considered two different things \[[@CR25]\]. Considering such findings, the application of biobanks to improve the prevention, diagnosis and treatment of diseases can only be successful when the public understands such a system and its implementation very well.

Perception is a process whereby a person procures an awareness or understanding of his or her environment by organizing and interpreting sensory information \[[@CR27]\], and together with understanding and acceptance, these factors can either promote or hamper biobank advancement. Bin Abdul Aziz and colleagues \[[@CR5], [@CR28]\] have raised possible ethical and legal issues that may shape public trust (e.g., issues of data privacy and mishandling) in Malaysia. Hashim and colleagues \[[@CR29]\] highlighted that although the majority of stakeholders in Malaysia view biobanking positively, they were also concerned about its possible risks, religious acceptance, and ownership and potential misuse issues. As described above, Malaysia is following global trends in establishing biobanks. To reap the benefits of such technology, Hashim et al. \[[@CR29]\] recommended a further analysis of the causal factors of concerns related to biobanks. Once identified, these factors can help researchers and related governmental bodies devise appropriate educational and intervention programmes to enhance public awareness and to promote this promising technology.

This paper aims to assess the willingness of stakeholders in the Klang Valley region of Malaysia, to participate in biobanking and to determine its predicting factors. The stakeholders surveyed included policy makers, scientists, representatives of NGOs, religious scholars, media professionals, general public and university students. This research will be useful in understanding societal acceptance of biobanks and people's willingness to participate in biobanking.

Theoretical framework and hypothesis development {#Sec2}
================================================

A theoretical framework of stakeholders' willingness to participate in biobanking was designed based on the previous models of attitude to modern biotechnology applications and products \[[@CR27], [@CR30]\], which were the metamorphosized versions of the Fishbein's multi-attribute attitude model \[[@CR31]\]. Arrangement of the variables in the model is based on their presupposed influence on the subsequent variables starting with factors that have been proven to affect attitudes and behavioural intention. The magnitude of the influence of one variable on another is estimated by their regression weights. Willingness to participate in biobanking is determined by perceived benefits \[[@CR32], [@CR33]\], levels of religious acceptance \[[@CR34], [@CR35]\], and issues related to data and specimen protection \[[@CR36]\]. General attitudinal factors such as trust in key players, engagement, religiosity and attitudes towards technology are also incorporated into the model as they have been shown to influence perceptions of benefits and risks in previous studies \[[@CR32], [@CR36]--[@CR39]\]. A conceptual research framework of stakeholders' willingness to participate in biobanking, labelled with the corresponding research hypotheses is presented in Fig. [1](#Fig1){ref-type="fig"}. Nineteen hypotheses were proposed based on the significant correlations between factors using bivariate Pearson correlation test, as suggested by Cheung and Chan \[[@CR40]\] (Table [1](#Tab1){ref-type="table"}).Fig. 1Research framework of stakeholders' willingness to participate in biobankingTable 1The matrix of correlation among the predicting factors and willingness to participate in biobankingEngagementTrust in Key PlayersAttitude towards TechnologyReligiosityPerceived BenefitsIssues of Data and Specimen ProtectionReligious AcceptanceWillingness to ParticipateEngagement1Trust in Key Players0.236\*\*1Attitude towards Technology−0.190\*\*0.162\*\*1Religiosity0.093\*0.301\*\*0.189\*\*1Perceived Benefits0.316\*\*0.375\*\*−0.0040.212\*\*1Issue of Data and Specimen Protection−0.121\*\*0.212\*\*0.383\*\*0.125\*\*−0.116\*1Religious Acceptance0.280\*\*0.182\*\*−0.189\*\*0.0170.409\*\*−0.288\*\*1Willingness to Participate0.152\*\*0.260\*\*−0.0480.120\*\*0.414\*\*−0.188\*\*0.366\*\*1*p* \< 0.05\*; *p* \< 0.01\*\*

Engagement {#Sec3}
----------

Engagement has been demonstrated to be an important determinant of support and participation in biobanking \[[@CR14]\], while a lack of information and understanding of genetic research has been suggested as a potential barrier to participation in biobanking \[[@CR41]\]. This factor has also been reported as having positive association with perceived benefits and encouragement of various modern biotechnology applications and products \[[@CR30], [@CR37], [@CR42]\]. In recognizing the importance of such factors to research on public perceptions, four hypotheses (H1-H4) on the association between engagement and other factors are proposed (Table [2](#Tab2){ref-type="table"}).Table 2Research hypotheses and verificationResearch hypothesisConclusionH1 (Engagement ➔ Perceived benefits)When stakeholders are more engaged with modern biotechnology, then they will perceive higher benefits associated with biobanks.SupportedH2 (Engagement ➔ Issues of data & specimen protection)When stakeholders are more engaged with biotechnology, then they will exhibit less concern regarding issues of data and specimen protection in biobanks.Not SupportedH3 (Engagement ➔ Religious acceptance)When stakeholders are more engaged with biotechnology, then they will be more accepting of biobanks from a religious perspective.SupportedH4 (Engagement ➔ Willingness to participate)When stakeholders are more engaged with biotechnology, then they will be more willing to participate in biobanking.Not SupportedH5 (Trust in key players ➔ Perceived benefits)When stakeholders have more trust in key players involved in using or regulating modern biotechnology, then they will perceive stronger benefits associated with biobanks.SupportedH6 (Trust in key players ➔ Issues of data & specimen protection)When stakeholders have more trust in key players involved in using or regulating modern biotechnology, then they will exhibit lower concerns regarding issues of data and specimen protection in biobanks.Not SupportedH7 (Trust in key players ➔ Religious acceptance)When stakeholders have more trust in key players involved in using or regulating modern biotechnology, then they will be more accepting of biobanks from a religious perspective.Not SupportedH8 (Trust in key players ➔ Willingness to participate)When stakeholders have more trust in key players involved in using or regulating modern biotechnology, then they will be more willing to participate in biobanking.SupportedH9 (Attitude towards technology ➔ Issues of data & specimen protection)When stakeholders exhibit a strong negative predisposition towards science and technology, then they will exhibit stronger concerns regarding issues of data and specimen protection in biobanks.SupportedH10 (Attitude towards technology ➔ Religious acceptance)When stakeholders exhibit a strong negative predisposition towards science and technology, then they will be less accepting of biobanks from a religious perspective.Not SupportedH11 (Religiosity ➔ Perceived benefits)When stakeholders view themselves are more religious, then they will perceive stronger benefits associated with biobanks.SupportedH12 (Religiosity ➔ Issues of data & specimen protection)When stakeholders view themselves as more religious, then they will exhibit stronger concerns regarding issues of data and specimen protection in biobanks.SupportedH13 (Religiosity ➔ Willingness to participate)When stakeholders view themselves as more religious, then they will be more willing to participate in biobanking.Not SupportedH14 (Issues of data & specimen protection ➔ Perceived benefits)When stakeholders have strong concerns regarding issues of data and specimen protection associated with biobanks, then they will perceive fewer benefits associated with biobanks.Not SupportedH15 (Issues of data & specimen protection ➔ Religious acceptance)When stakeholders have stronger concerns regarding issues of data and specimen protection associated with biobanks, then they will be less accepting of biobanks from a religious perspective.SupportedH16 (Issues of data & specimen protection ➔ Willingness to participate)When stakeholders have strong concerns about issues of data and specimen protection associated with biobanks, then they will be less willing to participate in biobanking.SupportedH17 (Perceived benefits ➔ Religious acceptance)When stakeholders perceive stronger benefits associated with biobanks, then they will be more accepting of biobanks from a religious perspective.SupportedH18 (Perceived benefits ➔ Willingness to participate)When stakeholders perceive stronger benefits associated with biobanks, then they be more willing to participate in biobanking.SupportedH19 (Religious acceptance ➔ Willingness to participate)When stakeholders are more accepting of biobanks from a religious perspective, then they will be more willing to participate in biobanking.Supported

Trust in key players {#Sec4}
--------------------

Since lay people are usually not well verse with the latest development in science and technology, they are not able to assess the benefits and risks of new technology directly and have to rely upon information supplied by experts. Past studies have shown that consumers' confidence and trust in science and its regulators are related to their perceived benefits and risks of modern biotechnology applications \[[@CR37], [@CR43]\]. Trust in researchers at universities, hospitals and biobank institutions is an important determinant of intentions to participate in biobank research \[[@CR16], [@CR25]\]. Chen and Li \[[@CR32]\] also reported that social trust in related institutions is a predicting factor for perceived risks and benefits. Thus, four hypotheses (H5-H8) were added to predict the association between trust in key players and other predictors (Table [2](#Tab2){ref-type="table"}).

Attitudes towards technology {#Sec5}
----------------------------

Attitude towards technologies in general has been recommended as an important predictor for public support towards more specific applications such as modern biotechnology \[[@CR38]\]. An earlier study of attitudes towards biotechnology applications in Malaysia reports that respondents who perceive science and technology negatively tend to harbour more general concerns, view GM products as having fewer benefits, more risky, have stronger moral concerns, lower risk acceptance and lower support \[[@CR37]\]. Two hypotheses (H9 and H10) on predictive role of attitudes towards technology are proposed (Table [2](#Tab2){ref-type="table"}).

Religiosity {#Sec6}
-----------

Stakeholders in Malaysia claim to be highly religious \[[@CR36]\]. A previous study reports that highly religious Malaysians are more critical of issues related to GM foods, as they recognize their benefits, while at the same time identifying the associated risks \[[@CR36]\]. Since religious beliefs are important to the assessment of public opinions regarding new technologies or issues, three related hypotheses (H11 - H13) are proposed (Table [2](#Tab2){ref-type="table"}).

Issues of data and specimen protection {#Sec7}
--------------------------------------

The relationship between concerns over data privacy and specimen protection and support for biobanks has been well established \[[@CR16]\]. The European public has expressed its distrust in the capability of data protection systems whilst at the same time believing that whatever is coded in a computer can always be decoded with a computer \[[@CR8]\]. In contrast, people's concerns about privacy issues do not necessarily lead to a rejection of biobanks \[[@CR16], [@CR26]\], as individuals expect biobanks to offer the best possible protections against data abuse and trust and believe in their benefits. Noting the importance of this variable, three related hypotheses (H14-H16) are proposed (Table [2](#Tab2){ref-type="table"}).

Perceived benefits {#Sec8}
------------------

Perceived benefits and risks have been vastly cited as important predicting factors of public attitudes \[[@CR27], [@CR38], [@CR44]--[@CR48]\]. Public willingness to participate in biobank research is driven by potential for benefit sharing \[[@CR16], [@CR25]\] (e.g., cures for diseases) \[[@CR4]\]. Amin and colleagues \[[@CR43]\] highlighted that stakeholders in Malaysia assessed the beneficial aspects of modern biotechnology application along with acceptance from a religious perspective. Islam is the most widely practised religion in Malaysia, and a Muslim's highest priority is to preserve *Shari'ah (*Islamic Law*)*, which prescribes permissible and prohibited things and actions in human life \[[@CR49]\]. In essence, Islam encourages the use of science, technology and medicine for the betterment of human life and for the mitigation of hardships, provided that the application of such technologies brings benefits (*maslahah)* and minimizes harm (*mafsadah*) to society, the environment, and planet Earth \[[@CR49]\]. In recognizing the important role of benefits, two related hypotheses (H17 and H18) are proposed (Table [2](#Tab2){ref-type="table"}).

Religious acceptance {#Sec9}
--------------------

According to previous studies, biobank research has been faced with less religious and cultural resistance from the public \[[@CR17]\]. Nasrella and Clark \[[@CR18]\] also found that Qatari nationals viewed volunteering in biobanking as a charitable act that is compatible with Islam and that helps future generations. Ahram et al. \[[@CR50]\] reported that more than 60% of Jordanians believe that religious permission to make biospecimen donations for research purposes has had a positive influence on biobank participation. Additionally, the views of Malay-Muslims in Singapore and of Muslims in the United Kingdom (UK) towards biospecimen donation and biobanking were shown to be negatively shaped by presumed religious beliefs \[[@CR51], [@CR52]\]. Considering the significant role of religious acceptance in shaping intentions to participate in biobanking, hypothesis H19 is proposed (Table [2](#Tab2){ref-type="table"}).

Methods {#Sec10}
=======

Survey data collection {#Sec11}
----------------------

Surveys were carried out face-to-face between March and December 2012 on 469 adults staying in Klang Valley, Malaysia. The location is selected due to its status as Malaysian social economy hub. Furthermore, those who reside in this area come from diverse backgrounds, thus meeting this study's requirements. The respondents of the study were stratified based on stakeholder group, consisting of policy makers, scientists, representatives of NGOs, religious scholars, media professionals, the general public and university students. As recommended by Kelley \[[@CR34]\], the respondents were given briefings on the basics of modern biotechnology prior to completing the survey questionnaires.

Instrument {#Sec12}
----------

Based on previous research, an instrument to measure willingness to participate in biobanking, and its predictors was constructed. The final instrument considers eight variables, four general attitudinal factors consisting of engagement, trust in key players \[[@CR38]\], attitudes towards technology \[[@CR38], [@CR53]\] and religiosity \[[@CR34], [@CR36], [@CR38]\]. The other four specific variables include perceived benefits \[[@CR54]\], issues of data and specimen protection \[[@CR2]\], religious acceptance \[[@CR34], [@CR35]\] and willingness to participate \[[@CR2], [@CR16], [@CR24]\]. The items are displayed in Additional file [1](#MOESM1){ref-type="media"}: Appendix.

Engagement (α = 0.691) was measured using the combination of three sub-variables: past and intended information seeking behaviours related to modern biotechnology, awareness and knowledge. The first sub-variable, which consists of five items reflecting intended and past behaviours to gather information \[[@CR55]\], was assessed on a scale with 7-point ranging from 1 (strongly disagree), to 7 (strongly agree). The concept recommended by Gaskell et al. \[[@CR55]\] was adopted in developing the measure for awareness. The items include awareness of eight latest developments in modern biotechnology and the national policy and regulation. The knowledge construct consists of ten statements citing basic concepts about biotechnology \[56\]nwith the replacement of the first item, "it is impossible to transfer animal genes into plants," with "there are useful bacteria which live in our body". For one item, the term "beer" from the original statement "yeast for brewing beer consists of living organisms" was changed to "bread" to suit the local culture, as most of the respondents are Muslims and therefore do not drink beer. These two sub-variables, awareness and knowledge, were assessed using dichotomous scales. Acknowledging the three sub-constructs were measured using differently, the items were recoded to a similar 10-point scale. Higher scores denote higher levels of stakeholder engagement.

The construct trust in key players (α = 0.832) was assessed by three items whether the scientists, producers and policymakers have done a good job for the Malaysian society. A 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree) was adopted. Higher scores denote higher levels of confidence in key players.

Attitude towards technology (α = 0.881) was measured by tfour items: two items on possible detrimental impact of science and technology on humanity; an item on the impact of industry and technology on urban life; and another item describing the impact of modern technology on nature. A 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree) was used. Higher scores denote stronger views on the negative impacts of technology.

Religiosity (α = 0.947) was measured with four items: three items on the importance of religion, praying and reading scriptures in life; and an item on the importance of religious views in decision making on controversial issues. A 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree) was adopted. Higher scores denote higher levels of religiosity.

Perceived benefit (α = 0.796) was assessed by four items: enhancement of quality of life and the usefulness of biobanks to Malaysian society; providing solutions to unresolved problems by traditional methods; and the balance of benefits over risks. A 7-point scale ranging from 1 (not very useful / strongly disagree) to 7 (very useful / strongly agree) was included. Higher scores denote stronger perceived benefits of biobanks.

The issue of data and specimen protection (α = 0.714) was measured with three items: biobanks may give rise to unknown consequences; worries about the ownership issue of biobank data and specimens; and the probability data and specimen misuse by researchers is high. A 7-point scale ranging from 1 (not worried at all / strongly disagree) to 7 (very worried / strongly agree) was incorporated. Higher scores denote higher levels of concern regarding issues of data and specimen protection.

Religious acceptance (α = 0.838) was measured with two items: biobanks can be accepted by my religion and biobanks can be accepted by my customs. Each item was measured on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). A higher score denotes a stronger perception that biobanks could be accepted by one's religion.

Willingness to participate (α = 0.810) comprised three items: How much do you support the sharing of personal information and biological materials among the biobanks in Malaysia?; I am willing to provide information about myself to a biobank; and I am willing to donate blood or tissue samples to a biobank. Each item was assessed on a 7-point scale ranging from 1 (not supportive at all / not willing at all) to 7 (very supportive / very willing). Higher scores denote greater willingness to participate in biobanking.

Statistical analysis {#Sec13}
--------------------

In order to assess the consistency and uni-dimensionality of the construct, confirmatory factor analysis and tests for reliability were conducted using SPSS version 20. Bivariate Pearson correlation analyses were performed subsequent to structural equation modelling (SEM) analysis to determine relationships among the factors. SEM has been proven to be able to test a huge number of endogenous and exogenous variables simultaneously \[[@CR56]\]. As suggested by Hair et al. \[[@CR57]\], a single step SEM analysis using IBM SPSS Amos version 20 with the maximum likelihood function was performed to estimate both the measurement and structural model \[[@CR57]\].

Results {#Sec14}
=======

Descriptive analysis {#Sec15}
--------------------

Before assessing the role of the various factors in predicting intention to adopt biobanks, a descriptive analysis was performed. In general, the mean scores for majority of the factors examined in this study were moderate except for religiosity, for which we found a higher mean score (Table [3](#Tab3){ref-type="table"}). The higher mean score found for religiosity shows that regardless of their faith, Malaysians in the Klang Valley region are deeply religious.Table 3Mean scores for willingness to participate in biobanks and its predictorsDimensionMean score ± Standard deviationInterpretationEngagement\*4.50 ± 2.25\*ModerateTrust in key players4.89 ± 1.06ModerateAttitudes towards technology4.47 ± 1.24ModerateReligiosity6.12 ± 1.23HighPerceived benefits4.65 ± 1.13ModerateIssues of data and specimen protection4.33 ± 0.93ModerateReligious acceptance4.21 ± 1.29ModerateWillingness to participate4.10 ± 1.25Moderate1--2.99: low, 3.00--5.00: moderate, 5.01--7.00: high; \*0--3.33: low, 3.34--6.66: moderate, 6.67--10: high

Measurement model {#Sec16}
-----------------

In order to test the adequacy of the measurement model, a confirmatory factor analysis (CFA) was conducted \[[@CR58]\] which produced eight constructs. The correlation matrix for all the constructs after bivariate Pearson correlation analyses is shown in Table [1](#Tab1){ref-type="table"}. The research hypotheses exhibited in Fig. [1](#Fig1){ref-type="fig"} have been formulated using the data.

Structural equation modelling {#Sec17}
-----------------------------

The causal relationships among variables can be determined using a powerful multivariate analysis tool, SEM \[[@CR59]--[@CR61]\]. SEM has the advantage over other general linear Models (GLMs) as it is capable of identifying the relationships between various latent constructs depicted by their measurements \[[@CR62]\]. A structural equation model for this research was created based on assumptions from previous studies and the results of bivariate correlations among the constructs.

The model was specified using the model generation strategy recommended by Joreskog and Sorbom, but the nested models were only modified when they were substantively meaningful \[[@CR63]\]. Four nested models were examined to determine the best model for measuring intention to participate in biobanks (Table [4](#Tab4){ref-type="table"}). The initial model was generated and specified according to the conceptual framework presented in Fig. [1](#Fig1){ref-type="fig"}. It contains nineteen proposed hypotheses that were analysed to determine the relationships between the variables. In SEM it has been suggested that non-significant parameters be removed from the original model and to include additional paths suggested by the modification index for the purpose of improving the model fit as long as they are corroborated by theory \[[@CR64]\]. In applying model 1, 6 of 19 hypotheses were discarded as they were not statistically significant at a probability level of 0.05. The changes made were then saved as model 2. In model 2, standardized residual co-variances for each pair of items (observed variables) were observed, and those displaying a value of above 2.5 were deleted \[[@CR57], [@CR65]\]. Item 21 and item 23 which represented issues of data and specimen protection exhibited a number of high residual co-variances with other items; therefore, they were excluded. Due to these changes, another two pathways were found to be not significant (Engagement ➔ Issues of data and specimen protection; Issues of data and specimen protection ➔ Perceived benefits). The model fit was improved dramatically and was later saved as model 3 (Table [4](#Tab4){ref-type="table"}). Modification indices (MI) were examined to ensure the inclusion of any potential pathway in the model. Those presenting significantly high values of MI were considered and added to the model. At this stage, one MI was recommended (Religiosity ➔ Issues of data and specimen protection), leaving 12 pathways in the model. This pathway was originally removed when applying model 1 together with the other five pathways but was included again, as recommended by the MI. Correlated errors found among items of the same construct were allowed \[[@CR64]\]; thus, three correlated errors were added (between e9 of item 9 and e10 of item 10, between e17 of item 17 and e18 of item 18, and between e19 of item 19 and e20 of item 20). The model was then named model 4 and was deemed the final version of the willingness to participate scale of the biobanking model. Table [2](#Tab2){ref-type="table"} summarize the results of hypothesis testing.Table 4Model comparisonFit IndexModel 1Model 2Model 3Model 4χ^2^823.8839.6660.0600.8*df*325332281279χ^2^*/df*2.5352.5292.3492.153*RMSEA*\
*(confidence interval)*0.057\
(0.052--0.062)0.057\
(0.052--0.062)0.054\
(0.048--0.059)0.049\
(0.044--0.055)*GFI*0.8870.8850.9020.912*AGFI*0.8590.8590.8780.889*CFI*0.9270.9250.9410.950*NFI*0.8850.8830.9020.910*NNFI (TLI)*0.9150.9150.9310.941

Hair et al. \[[@CR65]\] and Arbuckle and Wothke \[[@CR66]\] proposed that a well-fitting and robust model should have a goodness-of-fit index (GFI) and a comparative fit index (CFI) value of greater than 0.90, whereas the root mean square error of approximation (RMSEA) should less than 0.05 and supported with a narrow confidence interval. Schumacker & Lomax \[[@CR67]\] suggested that an adjusted goodness-of-fit index (AGFI) of above 0.70 denotes good model fit. Other than these four fit indexes, Costa-Font and Gil \[[@CR68]\] used several commonly used fit indexes to assess the overall model fit, including the chi-square (χ^2^), CMIN/DF (χ^2^/df), normed fit index (NFI) and non-normed fit index (NNFI), whereas Carmines and McIver \[[@CR69]\] suggested that a good model is denoted by a χ^2^/df value of less than 3. The measurement model for willingness to participate in biobanking was found to present a good fit with CMIN/DF = 2.153, CFI = 0.950, GFI = 0.912 and RMSEA = 0.049. Summary of fit indexes generated for each progression during the model development are presented in Table [4](#Tab4){ref-type="table"}.

Construct reliability and validity {#Sec18}
----------------------------------

In this study, the item and construct reliability, and internal consistency (Cronbach's alpha) were determined. All constructs exhibited Cronbach's alpha coefficients exceeding a value of 0.59, which are considered good (Table [5](#Tab5){ref-type="table"}). Additionally, all items in each dimension showed corrected item-total correlations coefficients greater than 0.4, which are also categorized as good (Table [5](#Tab5){ref-type="table"}). Composite reliabilities and the average variance extracted (AVE) values in Table [5](#Tab5){ref-type="table"} represented the validity of the constructs. Considering the composite reliabilities of all constructs are above 0.6, and the variances extracted (AVE) are above 0.45, it can be deducted that the constructs possessed strong convergent validity \[[@CR57]\].Table 5Measurement scales, reliability and validity of the constructsFactor and ItemCorrected item-total correlationAlpha (α)Standardized factor loadingComposite reliabilityAverage variance extracted (AVE)Engagement0.6910.7130.4561.Past and intended behaviour0.4680.7072.Awareness0.5680.8443.Knowledge0.5270.734Trust in Key Players0.8320.8350.6294.Scientists have done a good job for society0.6420.7195.Producers have done a good job for society0.7370.8346.Policy makers have done a good job for society0.6980.866Attitudes towards Technology0.8810.8760.6397.Leading to humanity's extermination0.7260.8238.Impacts on urban life0.7940.8769.Detrimental to humanity0.7620.86010.Upsetting the balance of nature0.6880.811Religiosity0.9470.9490.82311.Importance of religion0.9040.93012.Decisions made based on religious views0.8110.86813.Importance of praying0.9110.94214.Importance of reading scriptures0.8690.914Religious Acceptance0.8380.8400.72315.Accepted by religion0.7220.85216.Accepted as part of customs0.7220.841Perceived Benefit0.7960.7740.46417.Enhance the quality of life0.5870.73018.Useful to society0.6630.78519.Solve problems that cannot currently be solved with traditional methods0.5280.69620.Benefits exceed risks0.6590.774Issues of Data and Specimen Protection0.5940.6160.35622.May give rise to unknown consequences0.4020.49324.Worries about ownership issues related to biobank data and specimens0.4510.82525.Probability of data and specimen misuse0.4640.788Willingness to Participate in Biobanking0.8100.8340.64126.Support the sharing of personal information and biological materials0.4820.76727.Willing to provide personal information0.7800.84128.Willing to give blood or tissue samples0.7400.805

Relationships between the constructs {#Sec19}
------------------------------------

The final structural model for stakeholders' willingness to participate in biobanking is presented in Fig. [2](#Fig2){ref-type="fig"}. The most important direct predictor of stakeholders' willingness to participate in biobanking is perceived benefits (β = 0.35, *p* \< 0.001). This result shows that Malaysian stakeholders in the Klang Valley predominantly assessed the beneficial aspects of biobanks when making decision whether to support the application. Issues related to data and specimen protection emerge as the next important predictor of stakeholders' willingness to participate in biobanking (β = − 0.31, *p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). The factor consists of several items reflecting certain risks regarding their application, including issues of data and biological sample ownership, the probability of such data and samples being misused by the authorities, and concerns regarding unknown consequences that may arise from their application.Fig. 2Structural equation model of factors influencing public willingness to participate in biobanking showing interrelationships among variables. Standardized estimates are presented. \* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001

Trust in key players came out third as a direct predictor of stakeholders' support for and participation in biobanking (β = 0.20, *p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). This result shows that when Malaysian stakeholders in the Klang Valley have more trust in key players involved in modern biotechnology product development or its regulation, then they will be more willing to participate in biobanking. In addition to perceived benefits, issues of data and specimen protection, trust in key players, and religious acceptance also have a positive influence on willingness to participate in biobanking (β = 0.15, *p* \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}). This finding suggests that Malaysian stakeholders in the Klang Valley also considered their religious judgements together with perceived benefits, issues of data and specimen protection, and trusts in key players, when deciding whether or not to support biobank application. It is important to note that religious acceptance also acts as an intermediary of the relationship between perceived benefits and willingness to participate in biobanking (β = 0.45, *p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}).

Other than direct relationships, stakeholders' willingness in biobanking also involves the interplay of other factors. In this study, issues of data and specimen protection were found to be negatively associated with religious acceptance (β = − 0.26, *p* \< 0.001), suggesting that stakeholders who view biobanks as risky tended to perceive their application as less acceptable according to their religious and cultural views (Fig. [2](#Fig2){ref-type="fig"}). Engagement is also indirectly and positively related to willingness to participate in biobanking through religious acceptance (β = 0.20, *p* \< 0.01) and perceived benefits (β = 0.32, *p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). This indicates that when respondents are more engaged in and "informed" of modern biotechnology, they perceive more benefits from biobanks and agree that their application is acceptable as part of their religion and customs.

It is interesting to note that the SEM results show that the respondents who are more attached to their religions tended to be more critical of biobanks. Those who claim to be highly religious tended to perceive more benefits of biobanking (β = 0.11, *p* \< 0.05) while at the same time foreseeing certain risk issues underlying its application (β = 0.14, *p* \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}). Trust in key players is strongly positively associated with perceived benefits (β = 0.34, *p* \< 0.001), indicating that respondents with more confidence in key players, such as producers (including those who operate biobanks), scientists and policy makers, tend to view biobanks as beneficial (Fig. [2](#Fig2){ref-type="fig"}). Moreover, attitudes towards technology are positively associated with issues of data and specimen protection (β = 0.32, *p* \< 0.001), suggesting that those who hold a negative predisposition towards technology are more likely to perceive greater risks related to biobanking (Fig. [2](#Fig2){ref-type="fig"}).

Discussion {#Sec20}
==========

It is interesting to see that Malaysian stakeholders in the Klang Valley tended to recognize moderate benefits of biobanks while at the same time being cautious and perceiving issues of data and specimen protection in biobanks as moderately important. Previous studies have shown that respondents who exhibit concern regarding data privacy and protection also recognize certain benefits of biobanks \[[@CR3], [@CR17]\]. Niu \[[@CR70]\] also suggested that some negative consequences of biobanks are too minor to be taken into consideration, especially when compared to the potential benefits of their application. Despite moderate concerns relating to biobank issues, the mean score for the variable was found to be much lower than the perceived benefits, thus translating into a moderate willingness to participate in biobanking overall. The findings of this study is not surprising as past studies have cited that the public worldwide were critical of biotechnology-related applications and products \[[@CR37], [@CR43], [@CR54], [@CR71], [@CR72]\].

This finding is supported by the earlier studies on biotechnology application in Malaysia where perceived benefits have been identified as the strongest predictor of attitudes towards GM soybeans \[[@CR37]\] and GM mosquitos \[[@CR73]\] and as one of the direct predictors of attitudes towards GM rice \[[@CR74]\]. Further, Gaskell et al. \[[@CR38]\] also suggest that perceived benefits act as a pre-requisite determinant of support for various biotechnology applications, while Lemke et al. \[[@CR41]\] show that Americans' willingness to participate in biobanks is driven by an interest in bettering society by curing disease. A positive relationship between the perceived benefits of research and support for biobanks has also been found in studies of the United States \[[@CR2]\] and Australia \[[@CR25]\].

The negative relationship between issues of data and specimen protection and willingness to participate suggests that Malaysian stakeholders in the Klang Valley tend to support biobank application when they take less issue with the issues mentioned above. Gaskell et al. \[[@CR16]\] previously found that Europeans' readiness to accept broad consent and willingness to participate in biobank research are dependent on a range of interconnected factors including views concerning privacy and data security issues and issues of benefit sharing. Concerns regarding genetic discrimination resulting from the sharing of genetic information were also mentioned by participants as a barrier to participation \[[@CR41]\]. However, it is interesting to note that the effect of privacy concerns on willingness to participate in biobanking could also be mitigated by other factors, such as the introduction of incentives for participants. A study conducted in the USA suggests that concerns about privacy were related to a lower willingness to participate only when respondents were briefed that they would receive token for participating and would not be informed about the research results individually. Among respondents who were told that they would receive \$200 or individual research results, privacy concerns were not related to levels of willingness \[[@CR26]\]. Public concern about privacy issues also does not necessarily cause rejection of biobanks \[[@CR2], [@CR16], [@CR26]\], as focus group participants in both studies expected biobanks to offer the best possible protections if data were abused by insurance companies or employers. Furthermore, people's concern regarding data security and privacy protection may be attenuated by trust and beliefs concerning benefit sharing \[[@CR16]\].

Trust in key players involved in the development or regulation of modern biotechnology was also found to have direct influence on willingness to participate in biobanking. This finding is consistent with some earlier studies. For example, a hypothetical Swedish study of the general population found that high levels of public trust in science, university researchers and hospitals has been key to successful biobank research as well as dictating public willingness to provide blood samples \[[@CR24]\]. In an Australian study, trust in biobanks was found to be one of the determinant of intentions to participate in biobank research \[[@CR25]\]. The effect of trust was reported to be almost ten times more important than beliefs regarding benefits and five times more important than levels of comfort with blood donation and deoxyribonucleic acid (DNA) analysis \[[@CR25]\]. Gaskell et al. also found that trust in the socio-political system and in key actors and institutions involved in biobanks also determine public willingness to participate in biobank research \[[@CR16]\]. Trust in key players is strongly positively associated with perceived benefits, indicating that when respondents have more confidence in key players, such as producers (including those who operate the biobanks), scientists and policy makers, they were more inclined to rate biobanks as beneficial. This finding corresponds with those of Amin et al. \[[@CR37]\] and Amin and Hashim \[[@CR73]\] who also reported a relationship between confidence in key actors and perceived benefits. Previously, trust in institutions using gene technology has been shown to have a positive impact on perceived benefits and a negative influence on perceived risks of technology \[[@CR39]\]. Gaskell et al. \[[@CR38]\], Ghasemi et al. \[[@CR74]\] and Hossain and Onyango \[[@CR75]\] reported that trust in key players such as the government and scientists is shown to be an important determinant of acceptance of GM technologies. Critchley et al. \[[@CR25]\], however, found trust in biobanking to be the most important determinant of intentions to participate in biobanks with an estimate almost ten times that found for benefit beliefs and five times that found for comfort with blood donation and DNA analysis.

The results of this study indicates that Malaysian stakeholders in the Klang Valley also consider their religious judgements together with perceived benefits, issues of data and specimen protection, and trust in key players, when deciding whether or not to support biobank application. This finding is congruent with a study by Amin et al. \[[@CR76]\] that reports a positive and direct association between religious acceptance and attitudes towards modern biotechnology application. Although perceived benefits are the most important predictor of overall support for biobanks, Malaysian stakeholders also consider their religious views when determining whether to support biobank application. In a conservative country such as Malaysia, this is not surprising since religion and local customs serve as an important aspect in people's daily lives. In fact, as Malaysian stakeholders describe themselves as highly religious (Table [2](#Tab2){ref-type="table"}), the significant role of religious views is clearly observed when stakeholders are deciding whether to support biobanks. Igbe and Adebamowo \[[@CR17]\] once reported that focus group participants in Nigeria experience no resistance from their religion and culture regarding biobank research while Nasrella and Clark \[[@CR18]\] also found that Qatari nationals view volunteering for biobanks as a charitable act compatible with Islam that helps future generations. Ahram et al. \[[@CR51]\] also reported that Jordanians viewed that religious permission to make biospecimen donations for research purposes has a positive influence on biobank participation. It is interesting to note that SEM results show that respondents who are more attached to their religions tend to be more critical of biobanks. Those who describe themselves as highly religious tend to perceive more benefits of biobanks while at the same time also foreseeing some risk related to their application. The same result has been derived by previous works on biotechnology application in Malaysia \[[@CR37]\]. Sanderson et al. \[[@CR20]\] also reported on the association between low levels of religiosity and public willingness to participate in the United States.

In addition to direct relationships, stakeholders' willingness to engage in biobanking also involves the interplay of other factors. In this study, the issue of data and specimen protection was found to be negatively associated with religious acceptance, indicating that stakeholders who view biobanks as risky tend to view their application as less acceptable according to their religious and cultural views. Engagement is also indirectly and positively related to the willingness to participate in biobanking through religious acceptance and perceived benefits. This result indicates that when respondents are more engaged and "informed" with modern biotechnology, they perceive more benefits from biobanks and agree that their application is acceptable according to their religion and customs. This finding highlights the importance of knowledge, awareness and information seeking behaviour in developing positive attitudes towards biobanks, as stakeholders' only form attitudes about technologies after they have amassed relevant information \[[@CR34]\]. It is reported that perceived knowledge of genetic modification technology plays a significant role in the acceptance of GM products \[[@CR27]\]. Ahram et al. \[[@CR14]\] found that publics with positive perceptions of the level of scientific research conducted in Jordan express a positive attitude towards research investment and are likely to participate in biobanking, while a Swedish study by Lemke et al. \[[@CR41]\] found that a lack of information and understanding regarding genetic research may create a barrier to participation in biobanking.

Moreover, attitudes towards technology are positively related with the issue of data and specimen protection, suggesting that those with a negative predisposition towards technology are more likely to perceive higher risks related to biobanking. These relationships are backed by past studies showing that respondents with negative predispositions towards science and technology have higher concerns about biotechnology and view biotechnology applications as unfamiliar and risky \[[@CR73]\]. In addition, the UK public is sceptical of the capacities of even sophisticated technologies for protecting data and are also concerned about the personal data security of biobanks, believing that what is coded with a computer can always be decoded with a computer \[[@CR8]\].

It is pertinent to admit the limitations of the proposed model in demonstrating stakeholders' willingness to participate in biobanking. First, it is not recommended to generalize the model beyond the studied population, as the specific populations of the stakeholders involved mostly remained unknown. The model was generated using a combined sample of various stakeholder representatives, such as policy makers, scientists, representatives of NGOs, religious experts and consumers, due to our limited capacity to find more respondents to represent each category. Despite such limitations, the model proposed in this study was validated using the chosen measured variables. Several steps have been given due consideration in justifying the choice of indicators, which represent specific latent variables, and these indicators were recommended by previous related research. Furthermore, standard testing for the validity and reliability of the measures was carried out, and only good indicators were selected. It has to be acknowledged that influences of the factors may vary over time; therefore, further research should be carried out over a different time frame to judge the effects of time. At the same time, the model is valuable to provide an initial account of important predictors of the Malaysian public's intentions to participate in biobanking, as the respondents mirror the diverse backgrounds of the Malaysian population. Over the last six years since the data were collected there have been no dramatic changes in the development of biobanks in Malaysia. The country's current focus on biobanks remains essentially the same. However, this model should be verified using samples from other regions of Malaysia and with more specialized stakeholder groups to confirm whether the results are comparable and can be generalized.

Conclusions {#Sec21}
===========

The findings of this study confirm that stakeholders' willingness to participate in biobanking to improve the prevention, diagnosis and treatment of diseases is a complex matter that should be viewed as part of a multidimensional process. These predictors are useful in understanding social acceptance of biobanks. Public willingness to participate in biobanking is warranted when four direct predictors are seriously considered: the specific application-linked perceptions of biobank benefits, issues of data and specimen protection, religious acceptance, and trust in key players. Notably, the associated benefits, as a precondition of support for biobanks, must be clearly presented to participants. Issues of data and specimen protection must be sufficiently addressed to increase public willingness to participate in biobanking. This calls for appropriate governance by the relevant authorities to ensure that the misuse of data will not happen. Competent governance will portray key players as doing good for society, which in turn will increase public trust. Once trust is achieved, this will enhance public perceptions of benefits and public willingness to participate. At the same time, there must be a clear account of religious perspectives of biobanking, as religious endorsement will increase public willingness to participate. As can be observed from the study findings, religion is an important aspect of life in Malaysia, and people who are more religious tend to be more critical of biobanks. Therefore, it is paramount to have relevant religious authorities specify religious rulings on biobanks. The indirect yet crucial roles of general factors such as religiosity, general attitudes towards technology and engagement are affirmed in this study. Before individuals can appreciate specific technological applications such as biobanks, they must be able to appreciate technology in general. The latest developments in science, technology and healthcare must be covered more in mainstream newspapers and on radio and television shows, and more awareness programmes such as public forums and exhibitions must be carried out. These efforts will help boost public engagement with the latest technology, and at the same time, more direct interaction between key players and public programmes will enhance public trust.
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AGFI

:   Adjusted goodness of fit index

AVE

:   Average variance extracted

CFA

:   Confirmatory factor analysis

CFI

:   Comparative fit index

DNA

:   Deoxyribonucleic acid

GFI

:   Goodness of fit index

GLM

:   General Linear Modelling

GM

:   Genetically modified

IBM SPSS Amos

:   International Business Machines Corporation Software Package for Social Sciences, Analysis of a Moment Structures

MI

:   Modification indices

NFI

:   Normed fit index

NGOs

:   Non-governmental organizations

NNFI

:   Non-normed fit index

RMSEA

:   Root mean square error of approximation

SEM

:   Structural equation modelling

UK

:   United Kingdom

USA

:   United States of America

**α**

:   Alpha
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